Abstract-Experiments are described which indicate that the integration of high-precision shape information along a bright line is blocked by the presence of certain image features. All the features involved have three properties: (1) they are points where contours are not smooth (i.e. not twice differentiable) within the limits set by the finite space constants of visual processes; (2) they are all points that are emphasized in the responses of certain classes of circularly symmetric bandpass spatial filter; and (3) they are all significant for three-dimensional shape analysis. The results are interpreted as implying an inflexible segmentation of the contour image before detailed shape analysis.
INTRODUCTION
The vision problem, stated briefly, is to understand how an uncountably large number of possible retinal images can be meaningfully represented by a finite alphabet of symbols or descriptions. A traditional approach has been to note that the set of images derived from any single object can be classed together because they are related by continuous transformations of the image projected from that object. Therefore, it seems desirable to construct visual representations that make explicit the structure of the object or its image, and leave implicit the particular aspect of the view. In the pattern recognition approach, this has led to the notion of invariances of translation, rotation and dilation. However, since these invariances are neither complete (they leave out all the consequences of illumination and occlusion, for example, that are the hallmarks of the mapping from 3-space to 2-space), nor are they pertinent except to that patch of an image corresponding to a given object, their usefulness is restricted. In the computational theory approach, this has led to investigation of volumetric or surface respresentation which can be constructed without prior knowledge of the form of the object or the details of the projection. The difficulties with this approach are similar, in that it requires the segmentation of the image into patches corresponding one to each object, and furthermore many lines and edges in the image are surface markings, and should not be confused with occluding contours.
There are some features in the image of an object that do remain qualitatively invariant under the projective transformations.
Contour angles (discontinuities in orientation) nearly always remain as angles, although the size of the angle may change. Likewise, sign of curvature and therefore inflexions and straight contour segments are invariant (Marr, 1977; Koenderink and van Doorn, 1982) , and are indeed useful for the construction of three-dimensional (3D) object representations. This paper is concerned with experiments that investigate whether such features have a special status in the visual processing of form.
In investigating this question, it has been usual to use brief displays of fairly complex stimuli, such as a pattern made of many randomly repeated texture elements (Julesz, 1981; Beck et al., 1983) , and to require subjects to report immediately perceived differences between different areas of the texture. One difficulty in generalizing beyond these results to draw inferences about the analysis and representation of shape is that the possibility exists that the system deals with redundant patterns in a special manner. Moreover, in experiments where smaller numbers of subpatterns were used, it has been found that a different type of visual performance and, presumably, a different coding is employed when the display is briefly presented, compared with unlimited presentation (Foster, 1980) . However, experiments which assess the visual sensitivity to small changes in shape under conditions of unrestricted visual inspection have identified some characteristics of the visual process involved. It has been suggested that the sensitivity of the visual system to small positional changes, such as Vernier acuity, reflected shape processing (Andrews et al., 1973) . Watt (1984) has further argued that this shape processing is limited to continuous lines, so that for example, a gap between the two bars of a Vernier target prohibits the visual system from using shape as the information for response. In this case, relational operations such as orientation and distance between the two bars must be used. The principle that seems to be illustrated by this finding is that certain image features (line terminations) precipitate a segmentation of the image prior to shape analysis (Watt and Campbell, 1985) . A similar argument has been suggested by Watt (1985) for the effects of contour intersections on shape discrimination. The Unsegmented Target Figure 1 . The basic segmentation phenomenon is illustrated with the various stimulus terms. The noncollinearity of the stimulus is detected by assessing the orthoaxial area: when this exceeds a criterion value the curvature is seen. This necessarily implies integration along much of the target. Suppose some additional target feature occurs at the cross hairs of the lower target, and that this feature causes segmentation and thereby blocks integration at that point. The available orthoaxial area is now much reduced, and a larger amplitude curvature cue would be needed for the shape to be detected.
